Introduction: Choledocholithiasis is one of the undesirable consequences of gallbladder stones. Identifying such patients before cholecystectomy will prevent biliary leakage which develops secondarily to stones in the common bile duct (CBD). Scoring systems can be useful for prevention of complications. Material and methods: A total of 201 patients with symptomatic cholecystolithiasis were prospectively evaluated with regards to stone presence in the CBD. These evaluations identified those patients suspected of having CBD stones. Parameters were established as clinically obstructive jaundice or acute cholangitis attack, biochemically abnormal liver functions tests (LFT), radiological identification of CBD stone or choledochal dilatation (> 8 mm) as revealed by ultrasonography (USG). Residual stone controls were conducted through abdominal USG and LFT in the 3 rd and 6 th postoperative months. The patients' physical examinations were routinely conducted at each follow-up. Patients with common bile duct stones and those without were statistically compared as per the following data: age, sex, cholangitis, g-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), Aspartate aminotransferase (AST), alanine aminotransferase (ALT), cholesterol, triglyceride, total bilirubin, direct bilirubin, CBD stone presence and choledochal size as revealed by USG. Results: The parameters of our scoring system were: choledocholithiasis and choledochal dilatation in USG, total and direct bilirubin elevation, cholangitis episode in the last month, elevated AST, ALT, ALP, GGT, age ≥ 55 and TG level. Twenty-seven patients had choledocholithiasis. With this scoring system, the minimum score required for preoperative ERCP was 9. The rate of simultaneous CBD stones was 13.4%. Conclusions: Selective cholangiography that uses this scoring system brings about more cost utility than that of its routine performance.
Introduction
According to the National Institutes of Health Consensus Development Conference Statement of September 1992, the definitive treat-ment of symptomatic gallstones, the prevalence of which is higher in middle-aged and older women, is laparoscopic surgery [1] .
Common bile duct (CBD) stones prove to be one of the undesirable results of gallstones [2] . The coexistence rate of stones in the common bile duct of patients with gallstones varies as revealed by the results of different studies: 0.3% [3] , 7-15% [4] , 21 .7% [5] . The rate of CBD stone presence in patients with irregular liver function test (LFT) results is 43%, while this rate falls to 7% in those with normal LFT results. Some studies have demonstrated that the rate of stone presence in the common bile duct was between 35% and 45% as demonstrated by endoscopic retrograde cholangiopancreatography (ERCP) performed prior to laparoscopic cholecystectomy [6] .
CBD stones increase with age [2] . While the rate of stone coexistence in the common bile duct of patients under 60 years of age with laparoscopic cholecystectomy was 8-15%, this figure is 15-60% in patients older than 60 years of age [1] . The identification of such patients and accurate planning of how to remove their stones, if there are any, are significant matters [7] . The gold standard approach to detect coexisting CBD stones in patients with planned laparoscopic cholecystectomy still proves to be a controversial issue [8] . Identifying such patients before cholecystectomy will prevent biliary leakage which develops secondarily to stones in the common bile duct that could not be detected preoperatively and which account for major complications observed in the post-cholecystectomy period [3, 9, 10] . The elimination of CBD stones will also eliminate the chances of a cholangitis attack which may develop due to the presence of such stones. When this fact is taken into account, the major goal in the preoperative detection of CBD stones is to decrease the residual stone rate [11] .
Routine preoperative cholangiography or laparoscopic choledochal exploration is not necessary in the presence of a surgical unit that performs ERCP [12] . The approach to detect stones in patients suspected of having CBD stones is to perform preoperative or perioperative cholangiography. The commonly held view of many centers in such a case is to perform ERCP before laparoscopic cholecystectomy. This, however, is recommended for a select group of patients and various studies have significantly underlined the fact that selective ERCP before laparoscopic cholecystectomy was an effective and safe method for the detection and elimination of CBD stones [6, 8, 11, 13] . These selection criteria are based on clinical, biochemical and radiological evaluations. There is no standard approach as of yet. The importance of having a scoring system following the standard-ization of these criteria increases day by day. Such scoring systems can be useful for both the prevention of biliary leakage that develops secondarily to residual CBD stones and reducing operative costs. Menezes et al. developed a scoring system to determine common bile duct stone. Accordingly, those with a score of 3 or higher were found to be at risk for CBD stone and ERCP was recommended. In this scoring system, ascending cholangitis, transaminases greater than double, dilatation of CBD or presence of stone in USG, each of them gets 3 or more points and it is indicated for ERCP. ERCP was applied to 55 patients with a score of 3 or higher and CBD stone was detected in only 23 of them. However, the fact that one parameter completes the cut off value for preoperative ERCP has led to an increase in the negative ERCP number [10] .
The aim of this study was to prove the necessity of a scoring system in detecting CBD stones before laparoscopic cholecystectomy and to develop a new modified scoring system that could be rounded up with multiple parameters instead of a single one to ascertain the limit value necessary for preoperative ERCP. The patients' physical examinations were routinely conducted at each follow-up. Twenty-two patients who could not be contacted for follow-ups or those who did not come in for follow-ups were excluded from the study along with 31 patients who received conventional procedures and 2 patients who switched to open surgery. Thus, a total of 201 patients were included in the study.
Material and methods
All the patients were prospectively evaluated with regards to stone presence in the common bile duct in the preoperative period. These evaluations identified those patients suspected of having CBD stones. This identification used certain selection criteria that were based on clinical, biochemical and radiological evaluations. Parameters were established as clinically obstructive jaundice or acute cholangitis attack, biochemically abnormal LFT results (transaminase and alkaline phosphatase (ALP)), radiological identification of CBD stone or choledochal dilatation (> 8 mm) as re-vealed by USG. In the event that any of the said parameters was found to be positive, those patients were assessed to have CBD stone risk and ERCP was performed. In this way two groups were formed within the scope of our study: group 1: 27 patients with CBD stones determined through preoperative ERCP performed before laparoscopic cholecystectomy using selection criteria, group 2: 174 patients with no risk of CBD stones (no preoperative ERCP) as revealed by selection criteria within the same period. Patients in groups 1 and 2 were statistically compared within the scope of a new modified scoring system based on the one developed by Menezes et al. [10] . This statistical analysis took into account data pertaining to serum triglyceride (TG), cholesterol levels, age and sex [14, 15] which pose stone formation risks having considered the determination of common bile duct diameter and CBD stone detection through USG, LFT results, and the fact that CBD stones mostly originate from gallstones. The results of such analyses led to the development of a new scoring system. Statistically insignificant parameters were excluded from the system. Further, all significant biochemical parameters incorporated quantitative values.
LFT analyses included aspartate aminotransferase (AST SGOT), alanine aminotransferase (ALT, SGPT), g-glutamyl transferase (GGT) and alkaline phosphatase (ALP) along with total and direct bilirubin serum levels. Our scoring system was based on the quantitative value of billirubin instead of jaundice. The reason for this is that the term jaundice corresponds to the total bilirubin elevation, but the patient with a bilirubin level just above the normal value a cannot bear the same risk as CBD stone with whose billirubin levels are so much higher than this.
These tests were conducted at most 1 month prior to laparoscopic cholecystectomy or ERCP. Active cholangitis attack and high total bilirubin levels (as confirmed by laboratory data and independent of another cause) within the last month were sought. Jaundice and cholangitis attacks that the patients suffered from prior to this period were not taken into account in the scoring.
Stone detection in the common bile duct was not included in the scoring system unless stone and choledochal sizes were given in millimeters due to the spontaneous passing of small-size CBD stones and the fact that USG is a performer-dependent method. USG imaging of all patients was performed by two specialist radiologists, while their ERCPs were performed by two general surgeons above the learning threshold, and their laparoscopic cholecystectomy procedures were performed by or accompanied by three general surgeons also above the learning threshold. Each patient's leukocyte and amylase values were tested at least once following the ERCP procedure.
Patients with common bile duct stones and those without were statistically compared as per the following data: age, sex, cholangitis, GGT, ALP, ALT, AST, cholesterol, triglyceride, total bilirubin, direct bilirubin, CBD stone presence and choledochal size as revealed by USG. Consecutive numeric values were used for each statistically significant numeric parameter to determine starting from which value they would be eligible for use in our scoring system. Sensitivity and specificity values were obtained according to this. Figures that had the highest sensitivity and specificity values were included in the scoring system. Following the determination of significant parameters' weights according to one another (significance ranking), each parameter was scored according to such weight. All the patients were scored according to this ranking, and sensitivity and specificity were determined for consecutive scores. The highest value obtained as a result of this process became the critical limit value to be proposed for preoperative ERCP.
Ethics committee approval was received for the present study from Dr. Lütfi Kirdar Kartal Training and Research Hospital's Board of Ethics.
Statistical analysis SPSS 10.0 for Windows was used for the statistical analyses of the data collected within the scope of the study. Descriptive statistical methods (mean, standard deviation) were used to assess study data along with Student's t-test for the comparison of quantitative values. The c 2 test and Fisher's exact c 2 test were used for the comparison of quantitative values. Diagnostic screening tests (sensitivity, specificity, positive predictive value, negative predictive value) were also used. Weighting of the parameters was conducted by discriminant analysis. The cut-off value for the total score was ascertained by ROC analysis. The results were presented with the 95% confidence interval, while statistical significance was set at p < 0.05.
Results
Table I presents the summary of mean, standard deviation and significance (p) values of the laboratory, radiological and clinical data of all patients.
Sex and serum cholesterol levels, ascertained to be statistically insignificant parameters as revealed by the results of this analysis, were excluded from the study. The next step determined from which numeric level the statistically significant numeric parameters would be included in the scoring system. The highest sensitivity and specificity values were found, and the figures to be used in the scoring system, which are presented in Table II , were achieved.
Following the weighting of statistically significant parameters according to one another to be used in the scoring system, it was found that the most valuable parameter to show CBD stone was the presence of stone in the common bile duct on USG, while the least valuable parameter was the serum triglyceride level. It was observed that the figures expressing weighting were concentrated in 3 categories and the scoring to be used in the system was conducted having taken this fact into account. Values between 0 and 0.200 were allocated to category 1, while those between 0.201 and 0.400 were allocated to category 2 and those at and above 0.401 were allocated to category 3. According to this classification, each parameter forming the lowest category was assigned 1 point, while each parameter forming category 2 was given 2 points and parameters forming category 3 were given 3 points each (Table III) .
A new modified scoring system that could be used to identify patients with CBD stone risk before laparoscopic cholecystectomy was developed as a result of this scoring (Table IV) .
The cut-off point, which would signify a limit value for preoperative ERCP, was ascertained by scoring all patients for consecutive scores through this newly developed scoring system. This assessment used sensitivity and specificity values corresponding to each score. The minimum necessary score for preoperative ERCP was then determined based on figures that had the best values. Score 9, which had the highest sensitivity and specificity values, proved to be the one that we would recommend for preoperative ERCP for CBD stone risk (Table V) .
While no complications were observed in patients with ERCP within the scope of assessments covering clinical observation and biochemical tests, only a couple of patients had increases in non-specific amylase levels. Cannulation was successfully conducted for all patients and their sphincterot- omy procedures were performed. 2 out of 27 patients with CBD stones had biliary pancreatitis. Preoperative cholangiography for selective patients instead of routine performances is quite cost-effective. To determine this select group of patients, however, necessitates a scoring system. In our study, the rate of stone presence in the common bile duct as determined by ERCP before laparoscopic cholecystectomy in symptomatic patients with gallstones was 13.4%.
Discussion
Gallstones are highly prevalent in society, particularly in women. Although they are commonly seen, 60-80% of gallstones are asymptomatic.
Today it is recommended that asymptomatic gallstones should merely be followed up and surgical management is recommended for symptomatic patients or those with complications [16] . The gold standard therapy for symptomatic cholelithiasis, on the other hand, is elective laparoscopic cholecystectomy [1] .
The rate of stone presence in the common bile duct in patients with gallstones is at a considerable level and they mainly originate from such gallstones. When the results of LFT are irregular in a patient, this figure reaches quite high levels [6] . The co-existence of cholelithiasis and CBD stone increases in direct proportion to aging [1] . Preoperative identification of such patients can prevent possible postoperative complications. Cholangiog- raphy for select patients is the current modality approach when cost effectiveness and septic complications are taken into account. Risky patients who would receive selective cholangiography can be identified by certain selection criteria. These criteria include clinically obstructive jaundice and/or cholangitis attack, radiological determination of stone in the CBD and/or CBD dilation on USG and abnormal liver function test results as revealed by laboratory examinations [7, 12, 13, [17] [18] [19] . Although these criteria are widely accepted in the identification of patients at risk for CBD stones, they vary according to many studies as well. In a study by Csendes et al. [20] , the authors added a different criterion, namely cystic duct diameter larger than 4 mm, to these criteria and suggested an increased risk for CBD stone in the event that the USG CBD diameter was larger than 7 mm. Mo et al. [17] , on the other hand, stated that they had performed preoperative ERCP in patients with CBD diameters larger than 8 mm and had taken recent pancreatitis history into account. Further, Himal [21] argued that preoperative ERCP was not indicated in moderate pancreatitis of biliary origin. Unlike others, Masci et al. [13] have set the CBD diameter limit on USG at more than 10 mm for preoperative ERCP. In a study conducted with 870 patients' CBD results on USG, Hunt [22] reported that as the CBD diameter went up so would the chances of stone presence but CBD stones could also be seen in patients with normal CBD diameters. One can offer more examples and, as is seen, the selection of patients for cholangiography varies across physicians. The adaptation of this situation in the form of a scoring system that can be implemented for each physician and patient with no extra cost would definitely provide great convenience and advantage for everyone. The utilization of these data can reduce the number of negative ERCP procedures [19] . Not only is selective preoperative ERCP effective for detecting CBD stones [8, 17, 18] but also it creates cost utility [23] . In their study, Rijna et al. performed selective preoperative ERCP for 42 out of 328 symptomatic patients with gallbladders and the results of their study revealed that 30 patients had CBD stones [18] . In another study by Mo et al. [17] the authors stated that they performed selective preoperative ERCP for 247 out of 1,630 patients with symptomatic cholelithiasis following the implementation of selection criteria and found that 146 of these patients had CBD stones. Sarli et al. reported in their study covering their 10-year treatment experience in patients with cholecystocholedocholithiasis that the strategy to be adopted in these cases was performing laparoscopic cholecystectomy following endoscopic sphincterotomy and selective preoperative ERCP [8] . The evaluation of CBD stone risk factors to be used in the scoring system would prevent routine cholangiography [20] . It is clear that performing preoperative ERCP for each patient suspected of having CBD stones based on various criteria instead of a scoring system will not create cost utility. The need to standardize this process is quite evident.
Performing selective ERCP instead of a routine one does not bring about a significant increase in mortality and morbidity rates in relation to residual stones following laparoscopic cholecystectomy [24] . The further post-ERCP laparoscopic cholecystectomy protocol reduces the need for other procedures and the length of hospitalization [7] .
Table VI presents the scoring system developed by Menezes et al. [10] . This study was based on qualitative data and set the minimum score required for preoperative ERCP at 3. Preoperative ERCP was performed for 55 patients in the said study by using the scoring system, yet only 23 patients were found to have CBD stones. In the same study, any of the conditions that showed that the results of liver function tests were greater than double or CBD dilatation or stone presence was seen on USG rounded up the required score for preoperative ERCP. Although the risk of stone presence in the event of CBD dilatation increases, the risk of stone presence in the CBD is not overwhelmingly high in cases with only CBD dilatation while other parameters are normal. This fact can merely lead to an increase in the number of negative ERCPs and costs. Moreover, the USG CBD diameter limit used in the scoring has not been revealed. Additionally, liver function tests have been generalized which could lead to confusion. Indeed, liver function tests incorporate the serum levels of many variable parameters such as AST, ALT, GGT, ALP, total and direct bilirubin [25] . Not only is our newly developed scoring system simple, but also it is based on quantitative data. It can easily be used in symptomatic patients with gallstones by all physicians. It also serves as a guide to clinicians in identifying which patients are preoperative ERCP candidates. We further believe that our newly developed scoring system prevents unnecessary ERCP procedures after rounding up the score by a few variables or the failure to identify CBD stones in the preoperative period having set the score high, both of which were among our goals within the scope of this study.
The results of our study revealed that the rate of CBD stones in patients with gallstones was 13.4%, and this rate is 35-40% with increasing age in some studies [6] . We, therefore, recommend a scoring system that is required before laparoscopic cholecystectomy and suggest that preoperative ERCP should be performed for patients with a score of 9 or higher instead of routine preoperative ERCP.
In conclusion, preoperative ERCP is an effective and common method used in the diagnosis and treatment of CBD stones and selective cholangiography that uses this scoring system brings about more cost utility than that of its routine performance.
